Because of the instability of lumogallion in alkaline buffer, the working lumogallion reagents A (0.3 mmol/L) and B (0.15 mmollL) were freshly prepared before use. Each time, 25 ML of stock lumogallion reagent was added to 1 mL of buffer A for reagent A or to an additional 1 mL of water for reagent B.
Aluminum
(Al) is a well-known neurotoxic agent. Its main toxic effects have been identified as dialysis osteodystrophy, microcytic anemia, and encephalopathy syndrome; its role in Alzheimer disease remains unclear [1, 2] . Neurological disorders such as discoordination, intention tremor, and some cognitive defects have been reported in people who work with Al [3, 4] . However, studies investigating the actual concentrations of Al in biological fluids of occupationally exposed subjects are sparse [5, 6] .
Reports in the literature
concerning normal values of Al in biological fluids vary considerably, presumably because of dietary, geographical, and methodological differences between the studies. However, during the last decade, the lowest reported values have decreased by -100-fold [1, 2, 7] . These variations reflect the difficulties connected with obtaining and handling the specimens more than problems with the actual determinations. Traditionally, Al concentrations have been measured by atomic absorption spectrometry (AAS) [8] [9] [10] [11] . AAS is convenient, but matrix interference, dust contamination, and deterioration of the graphite tube make precise and accurate determination of Al in biological samples usually very difficult, especially in serum, where the concentration of Al is usually close to or below analytical detection limits [1, 7, 9, 12] .
Recently, attention has been drawn to the use of HPLC for analysis of serum Al. Sutheimer and Cabaniss [13] used cationexchange chromatography with postcolumn reaction with lumogallion to analyze Al species in natural waters. Previously, we described an ion-pair reversed-phase HPLC technique with precolumn reaction with lumogallion to determine Al in human serum [14] . In the present study, we improved our earlier method, achieving a more effective technique for analyzing serum and urinary concentrations of Al. We also investigated the analytical problems related to fluorometric determinations, e.g., possible interference from organic and inorganic materials in biological samples.
Materials andMethods

MATERIALS
Reagents, chemicals, and apparatus. Glass test tubes for blood collection, polypropylene tubes, and polypropylene pipette tips were thoroughly cleaned by soaking in 2 mol/L nitric acid (pro analysis grade) for >24 h and rinsing four times with distilled deionized water. These apparatus were dried in the oven and kept in Al-free containers until used. Lumogallion (purity >94%) was purchased from TCI (Tokyo, Japan); all other chemicals and reagents were from E. Merck (Darmstadt, Germany), "suprapur" grade, unless otherwise indicated. The distilled deionized water was analyzed for Al and contained <0.1 p.g/L.
As mentioned earlier [14] , the pH of the complex formation (4.5-5.5) was very crucial for optimal fluorescence. In the previous method, adjustment of pH for each individual sample after acid deproteinization was tedious and imprecise, causing great variation in the background fluorescence (mainly from the sodium hydroxide used). In the present study, we worked out a more appropriate and convenient procedure for pH adjustment. In each tube, we mixed 50 ML of urine with 50 ML of buffer B and, after 10 mm, added 1 mL of methanol.
After mixing, the sample was kept at -20 #{176}C for 1 h and then centrifuged at 15 800 g for 4 mm. The peak height of the Al species was measured with a Shimadzu CR-5A integrator.
A Waters Model 996 photodiode array detector and Millennium 2010 software were connected and used to assess peak purity.
Results
CHROMATOGRAPHIC SEPARATION
The present method can detect two Al specieswithin 6 mm (1igs.
1 and 2). The chromatographic patterns were the same for aqueous calibrators, serum samples, and urine samples. According to Martin's distribution chart of various soluble monomeric aluminum species under different pH conditions [15] , the peak detected at 3.5 mm at pH -4-5 could be Al(OH)2. Another peak detected at 4.1 mm was probably Al(OH)2. The latter peak was smallerand constantlyamounted to 12% of the peak height of the major peak elutedat 3.5 mm. Thus, we measured the major peak to calculate the Al concentration of the specimen menting these two samples with 50 Mg/L Al gives the chromatograms shown in Fig. 2, d and The calibration curves were linear for concentrations from 1 to 5 .tg/L for serum samples and from 2.5 to 50 Mg/L for urine samples. The typical regression linesfor aqueous, serum-, and urine-based calibrations were determined over 3 days ( Table 1 ). The CVs of the y-intercept, slope, and linearity were generally <8%, 5%, and 3% for samples processed by procedure A and <6%, 9%, and 1% for procedure B. Pooled urine and serum samples containing various Al concentrations were used to determine within-assay and day-to-day imprecision of the method ( Table 2 ). The within-assay and day-to-day CVs were usually <15%, and analytical recovery was generally >85%. The lowest detection limits for Al in serum and urine were 0. 
COMPARISON STUDY
To verify the accuracy of the proposed method, we compared its results with those by graphite furnace AAS, using the Zeeman method as described by Wang et al. [11] . Although great care had been taken to prevent dust contamination, we obtained with our (Table 3) , in good agreement with those mentioned above. Because of the lower sensitivity and poorer reproducibility of the AAS method, we were able to compare our HPLC method with the AAS method only for urine samples. The correlation of results for 44 urine samples (Al content, 2.6-68. 4 Mg/L) analyzed by HPLC and AAS is shown in Fig. 3 . In general, samples tended to have higher values when measured by AAS, with CVs sometimes >20%. This poor reproducibility may have been caused by the rapid deterioration of the graphite tube and the fact that the Al content of some of the samples was close to the detection limit. The correlation between the two methods (r = 0.95) suggests that the present HPLC method can be considered reliable and gives results interchangeable with those of the traditional AAS method.
ALUMINUM CONCENTRATIONS IN SERUM AND URINE
We analyzed serum and urine samples from 18 workers who were occupationally exposed to Al and from 32 who were not (Table 3) . Probably because of dietary habits, the nonexposed group from Singapore had lower mean Al concentrations in serum and urine than their counterparts were higher in the Al workers than in the other two groups (P <0.05).
Discussion
EFFICIENCY OF CHROMATOGRAPHIC ANALYSIS
The reason relatively few studies have been conducted on occupational exposure
to Al by assaying biologicalfluidsis probably the analytical difficulties in determining this element.
In part,the ubiquity of Al makes contamination difficult to avoid. Furthermore, conflicting "normal" values for Al in serum and urine are cited in the literature.
Traditionally, Al is measured with AAS; however, the method is not sufficiently sensitive and reproducible for assaying biological samples. In the present investigation, we extended our earlier study on the use of HPLC for determination of Al in both serum and urine samples. Similar to our earlier report [14] , the present method also uses acetonitrile and potassium hydrogen phthalate as the mobile phase. In the previous method, however, we adjusted the pH of the mobile phase by adding analytical-grade sodium hydroxide, which gave a high background of Al, thereby reducing the sensitivity of determination.
The pH of the present mobile phase stays constant at -4.8 ± 0.1, and no further adjustment is required. Also, formerly we added lumogallion to the mobile phase to prevent the Al-lumogallion complex from dissociating during the chromatographic analysis. However, we have found that this is not necessary:
The Al-lumogallion complexes are very stable for at least 2 days at pH 4.5-5.5 and therefore should not dissociate during the 6-mm chromatographic analysis. This also obviates contamination of the HPLC system with the strong-yellowish pigment of lumogallion. The chromatographic conditions used in the present method provide a more effective and sensitive environment for the determination of Al, requiring Only 5 .tL of treated sample instead of the 100 mL used previously [14] . The most likely small-molecule complex of Al in blood plasma is that with citrate (0.1 mmol/L plasma), and the only competitive protein complex is that with transferrin (2-3 g/L plasma) [15, 17] . Samples of pooled plasma supplemented with various concentrations of aluminum nitrate were analyzed on the first day of preparation and after storage for 7-14 days at 4 #{176}C. No significant changes in concentrations were observed ( Table 2 ). The trace amount of Al that is bound mainly with transferrin and citrate in plasma or serum can be determined by the present method. If a blood sample is badly hemolyzed, however, the formation of Al-lumogallion complexes will be interrupted, and the peaks cannot be detected.
The Al species varied widely between urine samples. Fig.  4c shows the chromatogram for a blank urine sample with creatinine of <500 mg/L; after the sample was supplemented with an aqueous Al calibrator, 65% of the supplemented monomeric species was recovered, eluting at 3.5 mm (Fig. 4d) . However, for another urine sample (Fig. 4e) , with creatinine >3000 mg/L, only 35% of the added Al was recovered (Fig. 40 .
From these chromatograms, we noted that an unknown peak eluting at 2.5 mm has an increased peak height in both supplemented samples. This peak was not observed in the chrolnatograms of individual organic or inorganic Al complexes during the interference study; however, itwas presentin chromatograms of the aqueous aluminum nitrate calibrator (>50 .mg/L), tea, and tap water (data not shown). Most elements and compounds can be obtained in colloidal state in a dispersion medium (usually water), the colloidal metals being classified as lyophobic sols [18] . In the presentstudy,we suspectedthatthe
